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Claim 

A dry etching method characterized by the following facts: in this dry etching method, a 
copper or copper alloy thin film coated on a substrate is partially covered with a mask material; 
said substrate is set on one electrode of a counter electrode type reactive ion etching device; the 
substrate set on said electrode is heated; an etching gas is fed into said etching device, and RF 
power is applied in the space from the counter electrode to generate glow discharge; in this way, 
said copper or copper alloy thin film is etched; in this method, a gas mixture containing at least a 
silicon compound gas and a nitrogen hydride gas is used as the etching gas. 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a method for etching a copper or copper alloy thin film. In 
particular, this invention pertains to a method for etching a copper or copper alloy thin film at a 
high rate and with directionality during the etching step of operation for forming electrode wiring 
in the manufacturing process of a semiconductor device. 

Prior art 

In the conventional method for processing copper thin film to form electrode wiring by 
the copper thin film on a substrate, a mask material is coated partially on the copper thin film, 
followed by either wet etching in which the workpiece is dipped in an acidic or alkaline solution 
for chemical reaction with etching, or dry etching in which a reactive gas is used. In the wet 
etching method, etching takes place isotropically without directionality. Consequently, it is hard 
to perform fine etching. 

On the other hand, dry etching is an etching method with directionality as described in 
the following references: G. C. Schwartz and P. M. Schaible: "Reactive Ion Etching of Copper 
Films," Journal of the Electrochemical Society, 130, 1777 (1983), and the paper by the present 
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patent applicant: "Reactive Ion Etching of Copper Films in SiCl 4 and N 2 Mixtures," Jpn. J. Appl 
Phys. Lett., 28, 1070(1989). 

However, for the method described in the paper of G. C. Schwartz, et al., in which a gas 
mixture of carbon tetrachloride and argon is used, it is hard to perform etching of the copper film 
between fine wires, and, since etching is carried out under a high power density, the selectivity 
with respect to the substrate is low, and it is impossible to make use of an organic resist as the 
mask material. These are problems. 

On the other hand, for the method proposed by the present patent applicant, the 
aforementioned problems are solved by means of a gas mixture of silicon tetrachloride and 
nitrogen. It basically allows fine processing. Also, it allows use of an organic resist as the mask, 
and, for this etching method of copper thin film, selectivity with respect to the mask can be 
realized. 

Problems to be solved by the invention 

However, for the aforementioned gas mixture of silicon tetrachloride and nitrogen 
proposed by the present patent applicant, the etching rate is as low as about 200 A/min, so that it 
is impossible to realize the high throughput demanded in the manufacture of semiconductor 
devices. This is a problem. 

The objective of this invention is to solve the aforementioned problems of conventional 
technology by providing a method for etching a copper or copper alloy thin film which has a 
higher etching rate and allows etching with directionality. 

Means to solve the problems 

In order to realize the aforementioned objetive, this invention makes use of a gas mixture 
containing a silicon compound gas and a nitrogen hydride gas so as to increase the etching rate 
and to maintain the directionality of etching. Also, by heating the electrode set below the 
substrate of the workpiece for etching, the substrate is heated to . a temperature, usually 280°C, at 
which the reaction products can be dissipated. 

Operation of the invention 

In the etching method of this invention, copper reacts with chlorine radicals that are 
generated by decomposition of chlorine based gas used as the etching gas during discharge to 
form copper chloride. The substrate is heated to a temperature at which copper chloride can be 
dissipated. Consequently, dissipation of copper chloride progresses and etching is carried out. 
Also, due to reaction between silicon radicals formed in decomposition of the silicon compound 
gas and nitrogen radicals generated by decomposition of the nitrogen hydride compound gas, a 
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silicon nitride film is formed on the surface of the substrate. As ions are incident perpendicularly 
on the substrate, silicon nitride film on the surface of copper can be removed. Consequently, 
etching takes place. However, since the side walls of the pattern covered with a mask material 
are not hit by ions, it is possible to perform etching with directionality for a copper or copper 
alloy thin film coated with a silicon nitride film. 

From experiments performed by the inventors of this patent applicant, it was found that 
the etching rate can be increased by increasing the number of chlorine radicals that serve as 
reaction seeds in reaction with copper. 

An experiment was performed by etching a copper thin film formed on a thermally 
oxidized silicon film by means of a reactive ion etching device having a substrate heating 
mechanism. As the etching gas, a gas mixture of chlorine, silicon tetrachloride, and nitrogen was 
used. The flow rates of silicon tetrachloride and nitrogen were selected at 20 and 80 SCCM, 
respectively, the pressure was set at 2 Pa, and the RF power was set at 100 W. Then, the flow 
rate of chlorine was changed to study the relationship between etching rate and chlorine flow 
rate. As can be seen from the experimental results shown in Figure 1, as the chlorine flow rate 
increases, the etching rate rises drastically. However, in the gas mixture containing chlorine, 
when patterning of the copper thin film is performed with an organic resist/titanium nitride film 
used as the mask, due to chlorination of the copper thin film and the progress of etching into the 
pattern, it is hard to perform etching with directionality. 

Consequently, in order to protect the pattern side walls from the chloride radicals, it is 
necessary to coat them with a stronger silicon nitride film. Since the side wall protecting effect 
by a silicon nitride film formed by the decomposition of silicon tetrachloride is insufficient, 
nitrogen hydride gas is added to promote formation of the silicon nitride film. 

Figure 2 is a diagram illustrating the relationship between etching rate and flow rate when 
ammonia, which is a nitrogen hydride gas, is added into the gas mixture of silicon tetrachloride, 
nitrogen and chlorine. It can be seen that when the flow rate of ammonia is increased, the etching 
rate falls, and formation of a silicon nitride film is promoted. Due to promotion of formation of a 
silicon nitride film, processing side walls are well protected from chlorine radicals, and etching 
of a copper thin film with directionality is promoted. 

Application examples 

In the following, this invention will be explained in more detail with reference to figures. 

Figure 3 is a schematic diagram illustrating a device for performing etching in this 
invention. In this figure, (1) represents an etching electrode; (2) represents a substrate for 
etching; (3) represents a counter electrode; (4) represents a substrate table for electrostatic 
chucking to fix substrate (2) for etching; (5) represents a heater for heating the etching electrode; 
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(6) represents a heater for heating the counter electrode; (7) represents an etching chamber; (8) 
represents a gas feed system; (9) represents a matching box; (10) represents an RF power source; 
and (11) represents an evacuating port for evacuating etching chamber (7) to a prescribed etching 
gas pressure. 

Figure 4 is a cross-sectional view of the substrate for etching used in the etching 
operation. As shown in this figure, (12) represents a silicon wafer. On this silicon wafer (12), 
usually, semiconductor elements are formed. However, they are not shown in the figure. (13) 
represents a silicon dioxide film for insulating the electrode from the silicon substrate, and it is 
formed by the CVD method in this case. (14) and (16) represent titanium nitride films. They are 
formed by the reactive sputtering method in this case. (15) represents a 1-^im-thick copper thin 
film formed by the sputtering method. (1 7) represents an organic resist. In order to improve its 
heat resistance, it is subjected to curing by ultra-UV light and high-temperature baking. 

In the following, the method for etching of the copper thin film shown in Figure 4 using 
the device shown in Figure 3 will be explained. 

Via electrostatic chucking substrate table (4), substrate (2) for etching is fixed on etching 
electrode (1). Etching electrode (1) and counter electrode (3) are heated by heaters (5) and (6), 
respectively. Substrate (2) for etching is heated to a prescribed temperature, usually 280°C, by 
means of thermal conduction from the electrode. Then, with flow rate controlled, the etching gas, 
such as a gas mixture containing silicon tetrachloride as the silicon compound gas and ammonia 
as the nitrogen hydride gas, that is, a gas mixture containing 20 SCCM of silicon tetrachloride, 
10 SCCM of ammonia, 80 SCCM of nitrogen and 20 SCCM of chlorine, is fed from gas feed-in 
system (8), while evacuation is performed through evacuating port (1 1), so that the interior of 
etching chamber (7) is kept at a prescribed gas pressure, such as 2 Pa. (10) RF power of, say, 
200 W, is applied on etching electrode (1). A glow discharge takes place between etching 
electrode (1) and counter electrode (3), so that the gas is converted to a plasma and is activated to 
form chlorine radicals. Then, the accelerated ions are incident at a right angle toward etching 
electrode (1). In this way, due to the synergistic effect of ion impact and chlorine radicals, 
etching is performed on titanium nitride film (14), copper thin film (15) and titanium nitride film 
(16) on substrate (2). 

Figure 5 is a cross-sectional view of the substrate for etching after etching. As shown in 
Figure 5(a), for a gas mixture of silicon tetrachloride, nitrogen and chlorine without adding 
ammonia, undercutting occurs, and fine processing is difficult to perform. As shown in Figure 
5(b), since ammonia is added, formation of a wall-surface protecting film is promoted. 
Consequently, it is possible to prevent undercutting and it is possible to obtain a nearly vertical 
cross-sectional shape. In this case, the etching rate of the copper thin film is about 1000 A/min, 
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which is about 4-5 times the etching rate when forming a pattern using a conventional gas 
mixture of silicon tetrachloride and nitrogen. 

In the etching method of this application example, it is possible to perform etching at a 
much higher etching rate than that in the conventional etching method using a gas mixture of 
silicon tetrachloride and nitrogen, and it is possible to realize etching free of undercutting and 
with directionality. 

In this application example, only etching of a copper thin film has been presented. 
However, this invention is not limited to etching of a copper thin film alone. For example, it is 
also possible to adopt this invention in the etching of a film of a copper alloy, such as an Al-Cu 
film or the like. 

In addition to the silicon tetrachloride shown in the application example, other silicon 
compounds may be used, such as monosilane, disilane, dichlorosilane, trichlorosilane, etc. In 
addition to the ammonia described in the application example, other nitrogen hydride gases may 
be used, such as hydrazine, etc. 

Effect of the invention 

As explained above, according to this invention, when a copper or copper alloy thin film 
is etched, a gas mixture containing at least a silicon compound gas and a nitrogen hydride gas is 
used. Consequently, it is possible to easily obtain a copper or copper alloy wiring pattern at a 
high rate, free of undercutting and having directionality, and it is possible to perform etching at a 
high throughput. 

Brief description of the figures 

Figures 1 and 2 illustrate results of experiments performed based on the dry etching in 
this invention. Figure 1 is a diagram illustrating the characteristics of the relationship between 
the etching rate of the copper thin film and the chlorine flow rate when chlorine is added into the 
gas mixture of silicon tetrachloride and nitrogen. Figure 2 is a diagram illustrating the 
characteristics of the relationship between the etching rate of the copper thin film and the 
ammonia flow rate when ammonia is added into the gas mixture of silicon tetrachloride, nitrogen 
and chlorine. Figure 3 is a schematic diagram illustrating an application example of this 
invention. Figure 4 is a cross-sectional view of a substrate as the workpiece for etching. Figure 5 
is a cross-sectional view illustrating the processing shape in this invention. 

1 Etching electrode 

2 Substrate for etching 

3 Counter electrode 
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4 Substrate table for electrostatic chucking 

5 Heater for heating the etching electrode 

6 Heater for heating the counter electrode 

7 Etching chamber 

8 Gas feed-in system 

9 Matching box 

10 RF power source 

1 1 Evacuating port 

12 Silicon wafer 

13 Silicon dioxide film 

1 4 Titanium nitride film 

1 5 Copper thin film 

1 6 Titanium nitride film 

1 7 Organic resist film 
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